The frequencies of Type II (non-insulin-dependent) diabetes mellitus, atherosclerosis and components of -syndrome X, such as insulin resistance and dyslipidaemia, vary considerably among ethnic groups. South Asians and black subjects have a higher prevalence of Type II diabetes and hypertension than white subjects. Black subjects, however, have a favourable lipid profile and thus a lower risk of coronary heart disease (CHD) than South Asians, who have a highrisk lipid profile and consequently a high prevalence of CHD [1±3]. Risk factors such as obesity and smoking also vary widely between ethnic groups: black women have a high prevalence of obesity while white subjects have a high prevalence of smoking [1] . Some of these differences in disease susceptibility might depend on cultural inheritance or on the environment, but genetic variation could also play a part.
is associated with higher insulin and glucose concentrations after an OGTT in young, healthy white European men participating in the second European Atherosclerosis Research Study [4] . The presence of the ±482T allele has been shown in vitro to abolish the normal down-regulation of ApoCIII by insulin [5] . We have also found that this variant is associated with increased triglyceride concentrations in smokers in a large group (n = 2700) of middle-aged white men [6] .
Given the importance of insulin resistance and hypertriglyceridaemia in the metabolic syndrome and its consequences of Type II diabetes and CHD, we have studied the ApoC3 ±482C > T variant in a population-based multi-ethnic cohort to establish if this variant could be, at least in part, responsible for some of these observed differences in disease risk.
Methods
The sampling from south London general practitioners' registers of age and sex has been described previously [1, 7] . Briefly, 1577 men and women aged 40 to 59 years were screened, from the three main ethnic groups living in the area. These were white subjects (n = 462) people of South Asian origin (n = 442) and people of West African and Afro-Caribbean origin (n = 462). The South Asians and the subjects of African origin were all first generation immigrants. Both parents of subjects of black-African origin were born in the country of origin. The ethnic group was recorded at the time of the interview. The study protocol was approved by the local ethics committee and informed consent was obtained from all participants. Procedures were followed as described previously [1, 7] . Briefly, participants not known to be diabetic underwent an OGTT and venous samples were taken 2 h later ( 10 min). Information on medical history and drug treatment was obtained and recorded in a questionnaire. Hypertension was defined as a blood pressure of 160 or more or of 95 mmHg or more, or being on drug therapy for hypertension. Impaired glucose metabolism was defined as the combination of diabetes and IGT by the World Health Organization (WHO) criteria [1, 9] . Fasting insulin, glucose and triglyceride measurements were obtained in all subjects and 2-h insulin and glucose in 78 % of the white subjects, 71 % of South Asians and 71 % of black subjects. Genomic DNA was isolated from whole blood [8] and assay conditions were as described previously [4] . Data were tested for deviation from Hardy-Weinberg equilibrium using a chisquared test (on 1 degree of freedom). Allele frequencies and 95 % confidence intervals (CI) were calculated using the Ztransformation. Triglycerides, insulin and glucose were not normally distributed and were log e -transformed for the analysis. Linear regression models with a log e -transformed outcome were fitted for insulin, glucose and triglyceride concentrations for each ethnic group separately. The genotype was entered into the model as a categorical variable and the p value for linear trend was calculated. Both models were also tested for interaction between ethnicity and genotype. Adjustment was made for possible confounding factors such as age and sex (Model 1) and with the addition of smoking and BMI (Model 2). Regression coefficients (b) were exponentiated and are presented as a percentage increase in the measured variable above the baseline genotype. A p value of less than 0.05 was considered statistically significant.
Results
Black subjects had higher BMI than South Asians and white subjects. White subjects had the highest proportion of smokers for men and women. Subjects of African descent had the highest prevalence of hypertension and the proportion of hypertensives did not differ with sex in each ethnic group. South Asians had the highest prevalence of Type II diabetes and IGT [1, 7] . For all ethnic groups the frequency of hypertension, diabetes and IGT was similar among genotypes (data not shown). There was a statistically significant relation, however, between BMI and ±482C > T in the group of black women (CC: 26. There was a statistically significant difference in ±482T allele frequency among the three groups, being lowest in the white subjects In white subjects and South Asians, the genotype distributions were in Hardy-Weinberg equilibrium, but in the black subjects it was not (p = 0.01). When tested separately, the lack of Hardy-Weinberg equilibrium was confined to the Afro-Caribbean group (p = 0.015) rather than the West African group (p = 0.14). The genotype frequencies, however, were not statistically significantly different between the two groups (p = 0.4).
Linear regression models were fitted in each ethnic group separately to evaluate the relation between genotype and insulin, glucose and triglycerides. Hypertension treatment was not considered to be a confounder as there was no association with genotype. As BMI was, however, associated with genotype in blacks and thus was considered a possible confounder, separate models were fitted that either excluded (Model 1) or included BMI (Model 2). In addition, model 2 also included smoking as a confounder. The regression models (Table 1) show the percentage difference relative to the baseline CC genotype for both heterozygotes and TT homozygotes by ethnic group. The models confirmed the associations between ±482C > T and fasting insulin in white subjects, with statistically significant evidence of a linear trend in both model 1 (CT 14.2 % higher and TT 21.9 % higher than CC, p = 0.007) and model 2 (CT 10.9 % higher, TT 12.8 % higher; p = 0.038). In blacks only model 2, however, showed a significant relation with genotype (CT 2.7 % higher, TT 10.3 % lower; p = 0.04) which was the reverse to the association in whites. No relation was observed between genotype and insulin in South Asians. These differences between ethnic groups in insulin were confirmed by a statistically significant test for interaction between ethnicity and genotype (model 1, p = 0.025; model 2, p = 0.013). For glucose, a statistically significant linear relation was observed in the black subjects only, for both model 1 (CT 4.3 % lower and TT 8 % lower than CC, p = 0.01) and model 2 (CT 6.4 % lower, TT 9.6 % lower; p = 0.004) ( Table 1 ). Both models indicated a strong interaction between ethnicity and genotype with glucose (model 1, p = 0.006; model 2, p = 0.003). No statistically significant relations were observed with genotype and the available post-load glucose concentrations (data not shown). Similar relations between genotype and triglycerides were observed in white subjects for model 1 (CT 5.4 % higher and TT 26.8 % higher than CC, p = 0.004) and model 2 (CT 5.5 % higher, TT 23.2 % higher; p = 0.007) but there was no relation between genotype and triglycerides in black subjects (Table 1) . South Asians showed a statistically significant linear relation between genotype and triglycerides in model 2 (CT 7.4 % higher, TT 12.9 % higher; p = 0.032) but not in model 1 (CT 7.2 % higher, TT 11.4 % higher; p = 0.065), though a similar trend was evident (Table 1). The test for interaction between ethnicity and genotype for triglycerides was not statistically significant for either model (model 1, p = 0.15; model 2, p = 0.11).
Discussion
In white subjects and South Asians, genotype distributions were in Hardy-Weinberg proportions but in the black group it was not. This is probably due to the heterogeneity of this group, which is comprised of 38 % of people from West Africa who had HardyWeinberg proportions and the remainder (62 %) from the Caribbean who did not. This could reflect a higher degree of admixture in this latter group or could be merely a chance finding. The genotype frequencies, however, were not significantly different between the two groups and thus were treated in further analyses as one group. The marked frequency differences between ethnic groups are possibly the result of population bottlenecks and later expansions, which is consistent with the`out of Africa' hypothesis [9] . It is also possible that selection pressure helped to create the allele frequency differences observed.
These results confirm our previous findings of an association with the T-482 allele and hyperinsulinaemia in white subjects, though in the original study the association was with insulin after an OGTT [4] and not with fasting concentrations as in this study. Although the previous study was larger (n = 800), it was carried out in healthy young men as opposed to the middle-aged men and women (n = 462) who participated in this study. Thus the effects on fasting concentrations in the young men might not reflect the association and only when stressed after the OGTT was the effect observed.
There was an association between genotype and insulin concentrations in black subjects only when BMI and smoking were included in the model. This can be explained by the significant association between BMI and genotype which was observed in black subjects only, indicating a complex interaction between BMI and genotype with insulin concentrations. The ±482T allele, which is the most common allele in black subjects, is associated with decreased in- 
Genotype White subjects (n = 462) Black subjects (n = 456) South Asians (n = 430) sulin concentrations than the baseline genotype. This is in contrast to white subjects where the ±482T allele is associated with an increased concentration of insulin.
In contrast to the previous study [4] , no association between genotype and glucose in white subjects was observed. It is not clear why the previous association was not replicated as it has been for insulin. The black subjects showed, however, a strong association between genotype and glucose, supporting the findings of an association with insulin. As with insulin, the ±482T allele was associated with a decreased concentration of glucose in black subjects.
In white subjects, a strong raising effect of the ±482T allele on fasting triglyceride concentrations was observed, of a similar magnitude to results obtained in a sample of 2700 white middle-aged men [6] . There was a similar trend for increased triglycerides in South Asians, which was statistically significant only after BMI and smoking were included in the model, though the magnitude of the effect was similar in both models. No effect of genotype was observed in black subjects, which might depend on the overall low mean concentrations of triglycerides seen in this group, which would consequently lead to a diminution of any effect of genotype.
The ±482T allele in the ApoC3 gene promoter is unresponsive to insulin, as compared with the C-482 allele which responds to insulin by down-regulating ApoC3 expression by 40 to 50 % [5] , suggesting that inappropriately increased concentrations of ApoCIII are responsible for the in vivo effects. The mechanism by which ApoCIII affects insulin and glucose is, however, as yet undetermined, but the synergistic relation between carbohydrate and lipid metabolism is probably crucial.
Why these relations with insulin and glucose should differ between black subjects and white subjects, and also why an association with BMI is evident only in the black subjects is not clear but it is possible that there are polygenic determinants of these traits with many other genetic variants similar to the ApoC3 ±482C > T, which have differing frequencies between the two populations, such as in the case of the LPL promoter variant (±93T/G) [10±11]. It is possible that the ±482C > T variant is only rate-limiting in certain ethnic and gender-specific groups because of lifestyle and hormonal differences.
Further characterisation of gene-gene and geneenvironment interactions in different ethnic groups in larger studies with adequate statistical power to examine such interactions, might enable us to understand the different ethnic susceptibilities to Type II diabetes, dyslipidaemia, CHD and hypertension, common diseases which have a major effect on public health.
